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Abstract 
Fluor has designed a large-scale carbon dioxide recovery demonstration plant using the Econamine FG PlusSM 
technology to recover 90% of the CO2 fro
Electric Generating Station. When in operation, the plant will produce 4,776 metric tonnes per day of supercritical 
carbon dioxide, which will be available for sequestration via enhanced oil recovery. The CO2 capture plant design 
includes technology advancements that are expected to lower energy demands, reduce costs, and improve the 
environmental impact of CO2 capture. The paper summarizes the technological advancements and expected 
performance of the capture unit.  
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1. Introduction 
NRG Energy (NRG) plans to design, construct, and operate a carbon capture demonstration facility at 
demonstrate the capture of 90% of carbon dioxide (CO2) in a nominal 240 Megawatt (MW) equivalent 
flue gas stream from an existing coal-fired boiler. The project is designed to show that post-combustion 
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carbon capture applied to existing plants can be done economically, especially when coupled with CO2 
enhanced oil recovery (EOR) opportunities in nearby oil fields. 
The overall objectives of this project are to establish the technical feasibility and economic viability of 
post-combustion CO2 capture using flue gas of an existing pulverized coal-fired boiler integrated with 
permanent geologic sequestration via EOR. This project will be performed at a scale sufficient to 
demonstrate commercial viability of the proposed technology and could accelerate the economic 
application of post-combustion CO2 capture technology to the existing coal-fired generation fleet in the 
U.S.  
The Department of Energy (DOE) will share in a portion of the total cost of the project under the 
.  
The WA Parish CCS Demonstration Project includes a CO2 
art Econamine FG PlusSM (EFG+) technology. The Fluor EFG+ technology is a proven, cost-effective 
process for the post-combustion removal of CO2 from low-pressure, oxygen containing flue gas streams. 
The technology has been licensed to 28 plants worldwide. Fluor has continued to develop and enhance the 
technology through innovative configuration and process advancements, resulting in CO2 capture plant 
designs with lower cost and energy demands.  
The objectives of the CO2 capture process portion of the project are as follows: 
 Demonstrate successful operation of the Fluor Econamine FG PlusSM process to achieve 90% CO2 
capture efficiency at the 240 MWe scale. 
 Demonstrate technological advances to the Fluor Econamine FG PlusSM process aimed at lowering 
energy requirement of the capture process.  
The CO2 capture plant is designed to process a portion of the coal-fired power plant flue gas to provide 
the capture capacity equivalent to a nominal 240 MWe gross unit. This will be accomplished by pulling a 
slipstream of flue gas from the 650 MWe unit to the CO2 capture plant.  The capture plant will then 
recover 90% of the CO2 contained in that gas. At the design load, the EFG+ plant will recover 4,776 
metric tonnes per day. The captured CO2 will be compressed to its supercritical fluid state, at which point 
it will be available for sequestration via enhanced oil recovery.  
 
 
Nomenclature 
 
CO2 Carbon Dioxide 
DCC Direct Contact Cooler 
DOE Department of Energy 
EFG+ Econamine FG PlusSM   
EOR Enhanced Oil Recovery 
HSS Heat Stable Salts 
NRG NRG Energy, Inc. 
VOC  Volatile Organic Compound 
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2. Configuration Advances
Configuration advances will reduce the energy requirement of the CO2 capture plant. Two advances
that have been included in the EFG+ design for demonstration are:
1. Lean vapor compressor in the solvent regeneration section.
2. Intercooling in the absorber.
2.1. Lean vapor compression
Lean vapor compression can be added to the CO2
reduce the overall energy demand for stripping the CO2 from the solvent. In this configuration, lean
solvent from the bottom of the regeneration column is lowered to near atmospheric pressure. The
resulting flashed steam that evolves from the lean solvent is compressed via the lean vapor compressor 
and returned to the column. In this way, more heat is applied to bottom of the column, where it is utilized 
more efficiently. As a result, the steam requirement in the reboiler is reduced.
The lean vapor compressor requires electric power; however, the steam efficiency is substantially 
increased so that the overall regeneration energy demand (steam plus power) is reduced by approximately 
10 12%.
The additional capital cost for this configuration (for the compressor, flash drum) typically exhibits a 1 
5 year payback period, depending on the cost of steam and power.
Fig. 1. Regeneration column with lean vapor compression.
2.2. Absorber intercooling
The EFG+ technology uses a chemical solvent for the capture of the CO2 from the flue gas. The CO2
absorption into solvent is an exothermic reaction. As a result, the temperature inside the column increases
6556   Jeffrey R. Scherfﬁ us et al. /  Energy Procedia  37 ( 2013 )  6553 – 6561 
as the CO2 is absorbed from the flue gas. This temperature increase lowers the equilibrium CO2 loading in
the solvent, and hence lowers the rich solvent loading (i.e. solvent CO2 absorption capacity) and increases 
the solvent circulation rate.
With the absorber intercooling configuration, heat is removed near the bottom of the absorber column 
via an external cooler. By removing much of the heat of reaction in this location, higher rich solvent
loadings are achieved. In other words, the amount of CO2 that the solvent can carry can be increased. This
results in a lower solvent circulation rate requirement. Since some of the regeneration energy demand for 
solvent stripping is the sensible heating of the circulating solvent, a lower solvent circulation rate results
in a lower energy requirement for the plant. Energy savings of 5 10% are typical.
The removal of the heat of reaction and the reduced solvent flow rate also mean that the size of the
absorber column can be reduced. This means either lower capital cost for a fixed CO2 capture rate or a 
higher capture rate for a fixed absorption column diameter. For absorption columns requiring diameters of 
upwards of 15 20 m for large coal-based flue gas applications, reductions in column diameter are 
critical.
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from Cross
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Fig. 2. Absorption column with intercooling.
3. Improved Materials Selection
Typically, the metallurgy requirements for a CO2
conditioning system) and absorption column are stainless steel. At a minimum, 304L stainless steel is
required due to the wet CO2 atmosphere. For a world-scale CO2 capture plant, the diameters of these
columns can be as large as 15 20 meters, and the corresponding capital cost is a substantial portion of 
the total plant cost. Sometimes, contaminants in the flue gas, such as chlorides from an upstream wet flue
gas desulfurization system, might necessitate an even more exotic grade of stainless steel (such as 316L,
317LMN, or duplex) for the direct contact cooler, raising the cost even further.
For the EFG+ plant at the NRG facility, the direct contact cooler (DCC) and absorption column are 
designed to be constructed out of non-metallic materials. This design will offer significant capital cost
savings for the columns versus stainless steel options. In fact, an exotic stainless steel metallurgical
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selection would have been required for the DCC due to the presence of chlorides in the flue gas 
otherwise. 
In this way, the NRG CO2 capture plant will demonstrate the effectiveness and cost of installing 
non-metallic columns in these two large column services on a coal-based flue gas downstream of a wet 
flue gas desulfurization system. The concept is already being tested by Fluor in a demonstration plant in 
Germany, but at a much smaller scale. 
4. Solvent Management 
Solvent management is considered in the design of the capture plant with the goal of reducing solvent 
losses and the resulting solvent make-up costs, waste disposal costs, and environmental emissions. It 
consists of three parts: 
1. Start with a good solvent formulation. 
2. Protect the solvent. 
3. Maintain the solvent. 
By following good solvent management practices, solvent degradation, solvent loss, and emissions 
will be reduced, all of which equates to lower operating costs. Fluor believes that the improvements 
implemented in the NRG design will result in significantly less solvent degradation and losses compared 
to previous designs and other solvent options. Some of the solvent management practices that will be 
demonstrated at the NRG CO2 capture plant are described in the following sections. 
4.1. Solvent formulation 
Protecting the solvent with a proper solvent formulation considers both the composition of the solvent 
and the quality of the ingredients. 
Fluor uses a proven solvent formulation for the base of the EFG+ solvent. Experience in operating 
capture plants has allowed Fluor to tune the solvent concentrations to make a formulation that is less 
susceptible to degradation. Furthermore, by optimizing the formulation on CO2 carry-capacity, the solvent 
inventory in the plant can be reduced, which also results in less degradation and solvent loss. 
The quality of the ingredients used to make the solvent is critical to the performance of the solvent. 
Fluor has strict (but easily satisfied) requirements on the sourcing of the chemicals used to make the 
EFG+ solvent in order to ensure that the solvent quality is high. Contaminants in the solvent may result in 
accelerated solvent degradation and loss. Furthermore, the requirement for high quality ingredients 
applies to the water component in the solvent, as well. In fact, using low-quality water in the solvent 
formulation will make all further solvent management practices far less effective. 
4.2. Protect the solvent 
Protecting the solvent means keeping contaminants that can cause solvent degradation out of the 
solvent and operating the plant at conditions that will not harm the solvent.  
4.2.1. Protect the solvent from contaminants in the flue gas 
The primary source of contaminants into the process is the flue gas. Fluor uses a DCC to cool the 
incoming flue gas and to scrub most of the components from the incoming flue gas that are harmful to the 
solvent. In particular, acidic components, such as SO2, HCl, and HF, in the flue gas will react with the 
CO2 capture solvent to form heat stable salts (HSS), which effectively prohibit the solvent molecule from 
being available for CO2 capture. Although the flue gas at the NRG site has already undergone some flue 
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gas desulfurization for environmental considerations, the remaining SO2 would still result in a significant 
EFG+ solvent loss if allowed to enter the absorption column. 
Fluor has designed a multi-stage DCC to cool the gas, reduce the water content in the gas, and remove 
almost all of the incoming SO2 and other acidic components in order to protect the EFG+ solvent. The 
unique multi-stage design consists of two discrete sections:  
 In the lower section, the gas is cooled below the flue gas dew point via a circulating water stream. Heat 
is rejected to cooling water. High-quality, knocked-out combustion water from the circulation loop is 
sent outside the CO2  battery limit where it can be reused after minimal treatment. 
 Trim SO2 removal is achieved in the upper section of the DCC. A chemical solution is used to reduce 
the sulfur content in the flue gas to a level that is compatible with the EFG+ solvent. Blowdown from 
the chemical loop is sent outside the CO2  battery limit for treatment. 
4.2.2. Protect the solvent from severe operating conditions 
In addition to protecting the solvent from outside contaminants, it is also important to design the 
process to protect the solvent from severe operating conditions. In particular, the design of the reboiler in 
the solvent regeneration system and the solvent reclaiming system must consider that solvent degradation 
is accelerated by heat. Fluor designs both systems in such a way that the temperature of the solvent is kept 
as low as possible to complete the regeneration and reclaiming processes.  
4.3. Reclaimer configuration and operation 
When a chemical CO2 capture solvent reacts with an acid that is stronger than CO2, the solvent is 
degraded to a heat stable salt (HSS). The HSS is characterized by a bond between the strong acid 
contaminant and the solvent molecule that cannot be broken in the normal solvent regeneration process. 
As a result, the solvent molecule is unable to recover CO2 from the flue gas, effectively lowering the 
concentration and CO2 carrying capacity of the circulating solvent. Furthermore, high concentrations of 
HSS are known to cause increased rates of corrosion in the capture plant. As such, the HSS products must 
be removed from solution. 
Other non-volatile degradation products, such as from heat, will also form in the solvent and must be 
removed to maintain the solvent quality. 
There are two primary methods for removing HSS and degradation products. The first is a 
bleed-and-feed operation, in which solvent with HSS and degradation products is bled from the system 
and replaced with fresh solvent. This option has high operating costs, due to the large waste quantity for 
disposal and the large make-up solvent rate. The second option is to reclaim the solvent: a process in 
which the solvent is heated until the HSS bond is broken, thereby freeing the solvent molecule from the 
strong acid. Other degradation products are also removed by a simple distillation process. The 
temperature required for reclaiming is higher than the normal solvent regeneration temperature. This can 
cause a problem, as high temperatures also result in solvent degradation that cannot be recovered.  The 
process is also typically a batch process wherein the solvent is held at the high temperature (and 
eventually increasing temperatures) for long periods of time, exacerbating the formation of irrecoverable 
solvent degradation products. 
The EFG+ solvent, like all chemical solvents, will also form HSS in the presence of strong acids. 
However, the EFG+ solvent can be reclaimed at a relatively low temperature, making reclaiming a good 
solution for the removal of HSS. Furthermore, Fluor has developed an advanced reclaiming configuration 
that reclaims at a lower temperature than typical reclaiming systems in a continuous (not batch) operating 
mode. This reduces any additional solvent degradation that might occur during the reclaiming operation.  
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With the lower temperature configuration, the solvent degradation and losses that are associated with the
reclaiming procedure are drastically reduced, as are the waste production and disposal costs.
CO2 capture technology. Its 
efficacy and improved operating cost will be demonstrated at the NRG site.
5. Advanced Emissions Controls
Advanced emissions controls are included in the design of the NRG capture plant, which treats a
coal-based flue gas. By design, all CO2 capture plants are emissions control systems by removing CO2
from the flue gas. In addition, most processes also remove trace acidic compounds from the flue gas
before discharge to the atmosphere.
Fig. 3. Locations of emissions controls in the EFG+ plant.
In the case of the EFG+, these two emission control steps are met. Trace acids (SO2, NOX) and some 
of the particulates are removed from the flue gas in the direct contact cooler (flue gas pretreatment), as
previously described, and the absorption column is designed to remove 90% of the CO2 from the flue gas. 
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Furthermore, the Fluor process uses a wash section at the top of the absorption column to reduce any 
solvent emissions to an extent that is typically acceptable. These features are part of the already robust 
CO2 capture plant designs. 
With these standard features, the EFG+ plants have a low environmental profile. 
The CO2 capture plant at the NRG facility has a further restriction on emissions. The plant is located in 
an ozone non-attainment area, making the minimization of volatile organic compound (VOC) emissions a 
top priority. For this reason, an additional emissions scrubbing step is added for this application to reduce 
the VOC emissions to an even greater extent.  
To address this additional restriction on VOC emissions, Fluor has developed an advanced emissions 
control step. The advanced emissions control configuration comprises an additional wash section at the 
top of the absorption column, where the flue gas is scrubbed using a reagent-based solution. With this 
configuration, the remaining VOC in the clean flue gas is reduced by 80%. This additional emissions 
reduction device greatly reduces the solvent and ammonia emissions of the plant, as well. 
6. Combustion Turbine / Steam Generator 
The EFG+ solvent regeneration requires low pressure steam to break the solvent-CO2 bond. For CO2 
capture plants treating power plant exhaust gas, the steam is typically supplied by the power plant. 
cycle. The parasitic energy drain and the redesign or interruption of existing power production systems 
could compromise the operations of the unit and would affect dispatch characteristics. This is especially 
problematic in a retrofit (in which the steam turbine design has not taken this steam withdrawal into 
consideration), but it is also a concern in a new plant. Off-design operation, such as capture plant start-up 
and shutdown, presents further challenges. In fact, these steam integration issues are often the areas of 
greatest concern for power producers considering a retrofit post-combustion CO2 capture facility. 
The NRG CO2 capture plant will be a retrofitted unit on the back end of an existing coal fired boiler, 
but the normal flow rate of flue gas to the capture plant is only a slip stream of the total flue gas from the 
power plant. Furthermore, because the plant is a demonstration plant and not a regulated emissions control 
facility, the power plant must be able to maintain smooth and reliable operation regardless of the state of 
the capture plant (or its steam demand). As a result, for the NRG capture plant, the steam will not be 
supplied from the existing power plant. Rather, a new natural gas-fired combustion turbine with a waste 
heat boiler will be installed to provide the steam. The system will be specifically sized for the CO2 capture 
plant to produce the required quantity of steam at the appropriate temperature and pressure.  The 
combustion turbine will also provide the power requirements of the EFG+ plant.  
This design will offer more flexibility for changes in the capture plant steam demands without 
impacting 
CO2 capture project. 
7. Path forward 
The front end engineering and design (FEED) of the capture plant has been completed. The project is 
currently in the permitting phase. Once the permits are obtained, the detailed engineering is expected to 
begin in 2013. Initial operation is currently targeted in 2015. 
 Jeffrey R. Scherfﬁ us et al. /  Energy Procedia  37 ( 2013 )  6553 – 6561 6561
8. Conclusion 
PlusSM technology is a proven, cost-effective solution for post-combustion CO2 
capture. Fluor has been improving the technology to further reduce energy requirements, operating costs, 
capital costs, and environmental signature of the CO2 capture plant. The demonstration pla
WA Parish facility in Texas will prove out the efficacy of these advancements and support the commercial 
viability of the technology as a retrofit option for post combustion CO2 capture from a coal-based power 
plant flue gas. 
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